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Recently, a lot of research work has been done on solid state fermentation (SSF) with the view to adopting it as an alternative to submerged fermentation [2, 3, [6] [7] [8] [9] [10] . Solid state fermentation has some important advantages when compared with submerged fermentation. It has a higher citric acid yield, lower energy and water requirements, less risk of bacterial contamination, less wastewater generation and less environmental concern regarding the disposal of solid waste [5] . By adopting SSF, solid waste materials such as abundantly available and cheap agricultural wastes such as sugarcane bagasse [7, 8] , apple pomace [9] , banana peels [4] , date palm [10] , carob pod [11] , grape pomace [12] can be used for the sustainable production of citric acid. Banana peel is an example of a solid substrate that can be used for SSF. Nigeria is the fourth largest producer of banana in sub-Saharan Africa [13] . The processing of banana into products such as chips, puree/pulp, powder, jams, juice, bar, biscuits, wine etc results in the generation of solid banana wastes particularly the peels which account for about 40% of the total weight of the fresh banana fruit [14] . These wastes do not have any important use apart from being used as animal feed. Furthermore, they are typically disposed of inappropriately particularly in less developed countries thereby contributing to environmental problems [15] . As the waste material is rich in carbohydrate and other nutrients, it can serve as an 717 717 717 717 ideal substrate for citric acid production via solid state fermentation [16] . The production of citric acid has been reported to be influenced by fermentation conditions such as type and composition of fermentation medium, substrate type and concentration, agitation rate, aeration, temperature, pH etc [2, 17, 18] . The performance of the SSF process can be significantly improved if these conditions are optimised. Experimental design methods coupled with response surface methodology (RSM) have been reported to be very effective in achieving this and it has been successfully applied to the optimisation of many bioprocesses [19, 20] . Hence the objective of this study was to optimise the fermentation conditions for the production of citric acid from banana peels using Aspergillus niger in batch reactor. A three variable Box-Behnken design for response surface methodology was used to study the simultaneous effect of three independent variables (solids loading, pH and inoculum density) for optimum citric acid production.
MATERIALS AND METHODS MATERIALS AND METHODS MATERIALS AND METHODS MATERIALS AND METHODS
Preparation Preparation Preparation Banana peels were obtained from a local market in Benin City, Edo State, Nigeria and used as solid carbon substrate in this study. The chemical composition of banana peels has been previously reported in a study by Anhwange et al. [16] as shown in Table 1 . The peels were washed with clean water to remove any adhering dirt after which they were dried in an oven at 60 o C for 2 hours. The dried peels were then milled to obtain 2 mm particles. [3] . After cooling, the sterilised substrate including media was inoculated with 2 mL of inoculum and then incubated at varying conditions in a rotary shaking incubator for 5 days. The solid substrate loading, pH and the inoculum density were varied according to the experimental design. At the end of fermentation, the medium was diluted with distilled water (1:4 w/v) and then filtered and the filtrate was used for analysis [4] .
Analytical Methods Analytical Methods Analytical Methods Analytical Methods
The concentration of citric acid produced during fermentation was determined using the pyridineacetic anhydride method as reported by Marrier and Boulet [21] . This was accomplished by adding 1 mL of the filtered fermentation broth along with 1.30 mL of pyridine and 5.7 mL of acetic anhydride in a test tube. The test tube was then placed in a water bath at 32 o C for 30 min. The absorbance of the sample was measured at 405 nm using a UV-Vis spectrophotometer (PG Instruments model T70). The concentration of citric acid in the sample was determined from a citric acid calibration curve which was prepared from known concentrations of citric acid. The pH of the sample was determined using a Unican 9450 model pH meter [2] .
2.5 2.5 2.5 2.5 E E E Experimental Design xperimental Design xperimental Design xperimental Design A three variable Box-Behnken design (BBD) for response surface methodology was used to develop a statistical model to describe the production of citric acid from banana peels. The range of the variables that were optimised is shown in Table 2 . The Box-Behnken design is suitable for the exploration of quadratic 718 718 718 718 response surfaces and this design can be used to develop a second degree polynomial model which can be utilised for optimisation purposes [17] . The number of experimental run for this design is obtained from Equation (1).
N= k 2 + k + cp (1) Where k is the number of factors and cp is the number of replications at the center point. The experimental design was developed using Design Expert ® 7.0.0 (Stat-ease, Inc. Minneapolis, USA). The coded and actual values of the independent variables were calculated using Equation (2) .
Where xi and Xi are the coded and actual values of the independent variable respectively.Xo is the actual value of the independent variable at the center point and ΔXi is the step change of Xi. Table 2 along with the experimental data. The significance of the fit of the citric acid model was assessed by performing analysis of variance (ANOVA). The model was statistically significant as seen from the very low p value (p<0.0001) as shown in Table 4 . The lack of fit p value of 0.7346 indicates that the model did not show lack of fit. Results presented in Table 4 also show that all the model terms were significant as seen from their very low p values. 2 Optimisation of Citric Acid Production of Citric Acid Production of Citric Acid Production of Citric Acid Production Three dimensional (3D) response surface plots were generated to determine the optimum levels of the variables that were investigated in this study. The plots were generated by keeping one variable constant at the center point and varying the others within the experimental range. The resulting response surfaces showed the effect of solids loading, pH and inoculum density on citric acid production. Figure 2 shows the effect of solid loading and pH on citric acid production. The trend observed indicates that citric acid production was favoured at high solids loading. This is evident from the increase in citric acid concentration when the solid loading was increased. The amount of solids used for solid state fermentation determines the amount of fermentable sugars that can be liberated for the purpose of producing citric acid. Since citric acid production is enhanced at increased sugar concentration, it will be expected that increasing the solid loading will also have a similar effect. The increase in citric acid concentration in the course of fermentation could be attributed to the consumption of sugar substrate by the Aspergillus niger cells to produce citric acid [7, 9] . These results are in agreement with those reported by previous researchers. Kim [27] reported a similar increase in citric acid concentration with increase in sugar substrate loading for the production of citric acid from peat moss. Al-Sheri and Mostafa [28] also reported a similar trend for the production of citric acid from date palm syrup using immobilized Aspergillusniger cells. The initial pH of the fermentation medium displayed a significant overall negative effect on citric acid concentration as shown in Figure 2 . This is evident from the inverse relationship between the pH and the production of citric acid. This result is also corroborated by the negative value of the coefficient estimate of the model term representing pH (i.e. X2) as shown in Table 6 . At low solid loading, citric acid production was observed to increase with a decrease in pH. This observation could be attributed to the fact that a low pH is required to begin citric acid production. The low pH value also provides a sterile environment which reduces the risk of contamination as well as inhibiting the production of unwanted by products such as oxalic and gluconic acids which reduces citric acid yield [29] . With increasing solid loading, citric acid concentration was observed to increase with pH. Maximum citric acid concentration was recorded at a pH of 8 and a solid loading of 20 g/L. Similar results have also been reported in the literature. Barrington and Kim [18] reported an optimum pH of 7.1 for the production of citric acid from peat moss. In another study, Ali et al. [30] reported an optimum pH of 6 for the production of citric acid from cane molasses in a stirred fermenter using Aspergillus niger.
The interactive effect of inoculum density and initial pH on the fermentation process is shown in Figure 3 . Inoculum density is an important fermentation variable that has been reported to affect citric acid production [31] . Citric acid production displayed a quadratic relationship with the inoculum density showing that the citric acid concentration increased with inoculum density up to a certain level beyond which any further increase in inoculum density did not positively affect citric acid production as shown in Figures 3 and 4 . This observation has also been reported by previous researchers. According to Nampoothiriet al. [32] , metabolite formation during fermentation generally increases with increase in inoculum density up to a particular limit. At low values of inoculum density, there is the risk of contamination as a result of insufficient microbial cell population and these results in a decline in the production of metabolic products [18] . A high inoculum density results in population over crowding which consequently results in increased competition for nutrients as well as rapid consumption of the nutrients [33] . Reports in the literature indicate that an inoculum density between 1 x 10 4 to 1 x 10 9 spores/mL is typically favourable for citric acid production by Aspergillus niger [34] . state fermentation using Aspergillus nigerwas investigated in this study. A three-variable, three-level Box-Behnken design was used to study the simultaneous effect of solid loading, initial pH and inoculum density. A statistically significant model (p<0.0001) was developed to describe the relationship between citric acid concentration and the chosen independent variables. The fermentation conditions were optimised using RSM. The statistical model showed a good fit with the experimental data Solids loading (g/L) Inoculum density (spores/mL)×10^6 
